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Recent developments in gene transfer: risk and ethics
Jonathan Kimmelman

Since the early 1990s, investigators have toiled to estab-
lish the transfer of genes to human somatic cells as a
valid therapy (fig 1). The potential of gene transfer was
highlighted by three trials, involving participants with
haemophilia B and two types of severe combined
immunodeficiency—X linked and adenosine deami-
nase deficient.1–3 Yet even the most successful trials of
gene transfer have engendered questions about its
prospects. In the haemophilia B trial the detection of
vector—the agent which carries genes to cells (fig 2)—in
participants’ semen raised concerns about modifica-
tions of the germline.4 The results of the X linked severe
combined immunodeficiency trial were offset by unex-
pected, vector induced leukaemia in two participants.5

Several hazards associated with gene transfer have
been verified by clinical experience and others are pre-
dicted on theoretical grounds. It therefore may be
worth considering whether risks shown in studies of
human gene transfer present any unusual ethical and
social challenges and, if so, what should be done to
tackle them. In this article I review several matters
relating to human gene transfer—safety features that
distinguish traditional drugs from agents used to trans-
fer genes, ethical issues raised by uncertainties about
risk and toxicological properties, and studies on safety.

Sources and selection criteria
I searched for relevant articles in Medline through
PubMed using the terms “gene transfer”, “gene

therapy”, “risk”, “safety”, “toxicity”, and “ethics”. I also
reviewed the minutes of the meetings of the
Recombinant DNA Advisory Committee, US gene
therapy policy conferences, and the UK Gene Transfer
Advisory Committee, and websites of various other
national review committees and scientific societies
dealing with human gene transfer.

Somatic human gene transfer and risk
The risk associated with human gene transfer has five
conceptual characteristics that, although not unique,
arise more often with this type of therapy (see box).
Firstly, active agents rather than chemicals are used to
transfer genetic material. These vectors (usually retro-
viruses or adenoviruses) are therefore potentially
capable of propagating themselves, recombining with
other viruses, or carrying out complex programmes.6

Secondly, gene transfer functions on the basis of
genetic information rather than on chemical structure.
Thus, whereas chemical structures indirectly affect
genetic functions, gene transfer directly participates in
gene expression. Although this partly accounts for its
therapeutic potential, it also underscores the possible
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Fig 1 Number of gene transfer trials approved worldwide has
increased since 1989; 77% have been conducted in the United States
and the United Kingdom. Most trials have used virus based vectors
(70%), are phase 1 (63%), and involve investigational treatments for
cancer (66%). Adapted from Wiley Gene Therapy Clinical Trial
Database (www.wiley.co.uk/wileychi/genmed/clinical/)

Summary points

Risks associated with gene transfer in humans
present several conceptual and methodological
challenges to toxicology

Uncertainties of risks demand central ethical
review of all trial protocols and high scientific
standards for trials

Latency and uncertainties of risks may disfavour
the use of healthy trial participants

Ethical guidance on managing potential
occupational hazards and risks to the public is
limited

Trials generally enrol severely ill participants,
therefore the characterisation of risks may
depend heavily on postmarketing surveillance

The United Kingdom and Australia are
exceptional for having implemented measures to
track long term health of trial participants
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potency of risks. Thirdly, many agents act simultaneously
as delivery devices through their vector as well as
pharmacological agents through their transgene. Not
only does this complicate the assessment of risk but each
component can cooperate to worsen risks. For instance,
the leukaemia that occurred in the X linked severe com-
bined immunodeficiency trial may be attributable to the
combined toxicity of the vector (which integrated near
an oncogene) and the transgene (which may have
helped transform T cells).7 Fourthly, gene transfer agents
that stably modify a person’s tissues can involve risks
with long latencies. Continuous, life long exposure to
transgenes or vectors increases the probability of subtle
toxic properties becoming manifest over the long term.
Finally, much of the toxicity related to gene transfer is
mediated through the immune system. Immune over
reaction resulted in the death of a participant in a trial of
an adenovirus vector in 1999.8 Induced immunity
against standard treatments (for example, factor IX pro-
tein in participants in the haemophilia B trial) or
autoimmunity are also concerns with human gene
transfer.

Several methodological issues need consideration
when testing the safety of gene transfer. Animal
models, for example, present major problems because
viruses that are pathogenic in humans often have
different risk profiles in animals.9 A person’s prior
exposure to viruses similar to the vector can influence
their response to gene transfer. This observation, com-
bined with a non-linear dose-toxicity curve, led investi-
gators in the 1999 adenovirus trial to conclude that the
evaluation of vector safety was problematic in a
traditional phase 1 trial design.8

Few of these features are unique to gene transfer.
For example, trials of live vaccines involve active agents,
conventional drugs can be immunotoxic, and animal
models often fail to predict toxicity. What makes the
risk with gene transfer distinctive is the frequency with
which these hazards arise in trials, their co-occurrence
in a trial, and our limited experience of assessing and
managing such hazards.

Ethics of risk in clinical trials
Does the character of risk with gene transfer generate
new or major ethical challenges? This question may be
best approached in three parts: what issues arise from
immaturity of knowledge about risk, what ethical ques-
tions derive from toxicological characteristics, and
what issues are raised by research aimed at improving
the knowledge of risk?

Uncertainty and risk
While the toxicological properties of gene transfer
agents remain obscure, ethics committees face
formidable challenges in prosecuting two mandates for
clinical trials10: evaluating the proportionality of risk
and possible benefit, and overseeing risk disclosure
during consent. The novelty of risks related to gene
transfer means that uncertainties are more radical than
those for conventional therapeutics, where a century of
pharmacology provides a modicum of predictability.

The complexity of risk from gene transfer militates
against the practice of using only local ethics commit-
tees to review trials (for example, in Canada or in some
privately funded US trials, but not in the United King-
dom).11 Ethics committees that encounter such
protocols in jurisdictions that do not mandate central
review should consider requiring the protocol’s
submission to a review body such as the Recombinant
DNA Advisory Committee. In disclosing risk, investiga-
tors should go beyond simply mentioning the possibil-
ity of unforeseen consequences. Enough adverse
events have occurred that investigators should state
outright that previous human gene transfer trials
involved unforeseen consequences.

A second set of ethical issues concerns how ethics
committees assure the value of trials. All major ethics
codes require that clinical research be capable of gener-
ating valuable medical knowledge.10 In the past, gene
transfer trials have often failed to do so.12 Ethics
committees and investigators should be attentive to the
scientific quality of proposed trials. Firstly, gene transfer
exposes participants to the possibility of serious,
unforeseeable, and latent harms. Because trials,
especially those in the early phases (accounting for
most trials), are aimed at generalisable knowledge
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Fig 2 In a gene transfer, therapeutic DNA is combined with a vector (often of viral origin).
Vectors can be injected into recipient’s tissue directly or used to modify cells ex vivo for
transplantation to the recipient

Important features of risk associated with gene
transfer

Conceptual features
• Uses active agents rather than chemicals
• Composed of genetic material that directly affects
gene expression
• Functions simultaneously as delivery devices
(vectors) and pharmacological agents (transgenes)
• Stable genetic modification has risks with long
latencies
• Certain viral vectors present risks to public health
and occupational risks

Methodological features
• Limited number of animal models for predicting
vector safety
• Wide variability in humans’ response to some vectors
• Possible non-linear dose-response curves with gene
transfer vectors
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rather than therapy, such risks can only be justified if
the trial can make major contributions to the advance-
ment of scientific and medical knowledge. Demanding
that trials maximise their gathering of information on
toxicology improves a protocol’s balance of risk and
social value. Secondly, ethics committees should bear in
mind that, after 15 years, no gene therapy has been
commercialised. Owing to the uncertainties surround-
ing gene transfer, most trials should be conceptualised
less as testing an agent’s prospect of commercialisation
and more as producing information that can be applied
to the development of gene transfer. This is especially
true because data on toxicity in humans are scarce and
can only be gathered through trials. Ethics committees
and investigators can fortify the value of gene transfer
studies by considering plans for long term follow up
and disseminating toxicological findings.

Character of toxicity
Although the mechanisms of risk related to gene trans-
fer may be different from those for drugs composed of
small molecules, its clinical end points are more or less
familiar. Nevertheless, they have implications for the
ethics of gene transfer trials. In recent years there has
been considerable debate about whether such trials
should, to maximise beneficence, enrol people who have
exhausted all other treatment options, or whether, to
secure autonomy, they should avoid the coercive
influence of illness on informed consent and instead
enrol relatively healthy people.13 The possibility of latent
reactions erodes the ethical cogency of using healthy
volunteers in trials because they are more likely to live
long enough to experience latent adverse events. For
similar reasons, latency also heightens the hazards of
conducting gene transfer trials in children who have
non-life threatening diseases. Moreover, children may be
more sensitive to the long term hazards of gene transfer
because their tissues are still developing; indeed, age
may have been a factor in the leukaemia observed in the
X linked severe combined immunodeficiency trial.14

Some risks from gene transfer, namely those to
third parties, are uncommon in clinical research. Firstly,
risks to the descendants of trial participants because of
the inadvertent modification of germ cells are not
identical to those for chemical mutagens. Whereas
inadvertent modification can occur in existing genes,

insertional mutagenesis adds new genetic elements that
can have activity independent of where they are
inserted. Moreover, gene transfer vectors contain a
series of potentially functional genes (for example,
promoters, markers, and transgenes) and therefore can
cause a broader range of effects. Secondly, trials using
viral vectors occasionally present risks to the public
through transmission of transgenes or contagion.
Concerns about contagion may increase as investigators
pursue vectors (for example, lentivirus vectors and those
that are replication competent) for which recombination
or transmission are major safety issues.

Many countries have mechanisms for reviewing
such concerns about safety. These are, however, gener-
ally not well suited for detailed deliberation on the
ethical issues raised by risks to third parties. Such haz-
ards complicate the risk assessment and consent proc-
ess in part because major codes of research ethics, as
presently written, centre on the protection of
participants and do not directly consider the safety of
third parties. Also, there is a general void in ethical
scholarship (apart from the xenotransplantation litera-
ture15) about how to approach several important
ethical questions concerning risk to third parties. For
example, should trials that present theoretical risks
from transmission seek the consent of third parties?
How should benefits to trial participants be weighed
against speculative risks to third parties?

Research on toxicology
Efforts to gather toxicological information raise
important ethical issues. Animal models may only pro-
vide limited safety information for gene transfer, and
toxicology data are therefore likely to derive largely
from experiments in humans. Indeed, two important
adverse events related to gene transfer (death8 and

Considerations for investigators and ethics
committees

Risk review—expertise of local ethics committees is
generally insufficient to the task of ethics and risk review

Risk disclosure—that unexpected adverse events have
occurred in previous trials should be disclosed,
regardless of vector

Informed consent—severely ill participants tend to
misconstrue trials as “therapy” rather than scientific
experiments; consent procedures should aim to
correct such misconceptions

Study design—trials should maximise their social utility
by gathering and disseminating information, including
results of long term follow up and autopsy

Eligibility criteria—the possibility of latent adverse
events should be considered when selecting eligibility
criteria for trials involving stable genetic modification

Additional educational resources

Websites
UK Department of Health (www.advisorybodies.doh.gov.uk/genetics/
gtac/publications)—recommendations and annual reports of UK’s
Gene Therapy Advisory Committee

National Institutes of Health (www4.od.nih.gov/oba/RAC/meeting)—
transcripts of meetings, protocol reviews, guidance for writing consent
documents, and safety symposia of the US Recombinant DNA
Advisory Committee

National Health and Medical Research Council (www.nhmrc.gov.au/
research/gtrap/about.htm)—recommendations, trial registry, and reports
from Australia’s Gene and Related Therapy Research Advisory Panel

Georgetown University (www.georgetown.edu/research/nrcbl/
publications/scopenotes/sn24.htm)—history, overview, and literature
survey on the ethics of human gene transfer

Information for patients
US National Library of Medicine Genetics Home Reference
(ghr.nlm.nih.gov/info = gene_therapy/show/alltopics)—provides a
general overview of gene therapy, addressing safety and ethical issues

National Institutes of Health Genetic Modification Clinical Research
Information System (www.gemcris.od.nih.gov)—database on gene
transfer protocols and safety information for investigators, ethics
committees, and trial participants
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leukaemia16) were not predicted by animal studies
using similar doses of vector.

One set of questions on toxicology related to gene
transfer arises because most studies in humans—as
with many other trials of hazardous agents—enrol par-
ticipants with advanced illness. Such participants are
likely to misinterpret the purpose of the trial as provid-
ing therapy rather than producing generalisable
knowledge.17 Enrolment in studies on the safety of
gene transfer is therefore susceptible to being based on
“misinformed” consent. Also, participants who per-
ceive a trial as providing therapy may be less willing to
comply with intrusive procedures (for example, long
term follow up and autopsy) that are aimed at testing
safety. By policing consent procedures for language
that promotes misconceptions about therapy, investi-
gators may encourage participants to cooperate with a
trial’s toxicological aspects.18

Premarketing studies of drugs often have insuffi-
cient power to expose rare adverse events19; the collec-
tion of toxicity data is further hampered because gene
transfer trials generally enrol participants with severe
illness. For instance, attributing causes for adverse
events is confounded by underlying medical conditions.
Moreover, such populations are unlikely to survive and
experience theoretically predicted latent adverse events.
Therefore, many risks will only be characterised once
gene transfer extends to populations with less severe
medical conditions; patients and the public (rather than
trial participants) will likely bear many of the risks
involved in characterising latent toxicity.

Owing to the uncertainties and inexperience
surrounding risks from gene transfer, systems may
need to be established for postmarketing surveillance
(for example, registries) and the long term follow up of
trial participants. In the United States, such long term
follow up is not mandatory, and anecdotal evidence
indicates that it is not widely practised.18 In contrast, the
United Kingdom20 and Australia (www7.health.gov.au/
nhmrc/research/gtrap.htm) track the medical records
of recipients of gene transfer. Follow up and post-
marketing surveillance are potentially costly, can medi-
calise people’s lives, and infringe on their privacy.
Nevertheless, spontaneous reporting of adverse events
is unreliable for detecting latent adverse events,19 and
more active measures may be necessary to protect the
public, and patients and their descendants, should
gene transfer expand to milder medical conditions.

Although recent trials confirm the feasibility of
gene therapy, they also highlight that its risks are
poorly understood. The task for researchers in gene
transfer will be to characterise these risks while attend-
ing to the complex ethical challenges of conducting
gene transfer studies in humans.
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Corrections and clarifications

The next small step
The author of this article in our Christmas issue,
Kevin Fong, has notified us that his email address
is missing its first full stop (BMJ 2004;329:1441-4,
18-25 Dec). His correct address is k.fong@ucl.ac.uk.

Monitoring global health: time for new solutions
The authors of this Education and Debate article
(who argued that a new global health monitoring
organisation is needed to replace the World Health
Organization) would like to clarify for readers that
they have all had recent links with WHO
(BMJ 2004;329:1096-100, 6 Nov). Christopher J L
Murray worked for WHO until 15 September 2003,
Alan D Lopez worked for the organisation until
1 January 2002, and Suwit Wibulpolprasert has
served on a number of advisory committees to WHO.

If the honey doesn’t get you, the bees will
A lapse in concentration by Harvey Marcovitch, the
author of the summaries on the BMJ Family
Highlights page, led to the inadvertent omission of
the word haemorrhagic in this summary on the
BMJ Family Highlights page (BMJ 2004;329:1368,
11 Dec). The third sentence should have read:
“Computed tomography of the head and magnetic
resonance imaging of the brain showed a large
right temporo-occipital haemorrhagic infarct.”

Cadavers as teachers: the dissecting room experience in
Thailand
In this article by Andreas Winkelmann and Fritz H
Güldner in our Christmas issue, we forgot to carry
out the authors’ wishes that we acknowledge
Professor G H Schumacher from Rostock,
Germany, as the provider of the photograph
(BMJ 2004;329:1455-7, 18-25 Dec).
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